Two new compounds, pilosuloside A (1) and pilosulain A (2), one new natural occurring compound (3), and twelve known compounds (4-15), were isolated from the roots of Codonopsis pilosula. Their structures were elucidated by a combination of spectroscopic methods. Regulation of SIRT1 activity by all the compounds was evaluated. The results showed that 4 could activate SIRT1 in a concentration-dependent manner.
The roots of Codonopsis pilosula (Campanulaceae), known as "Dang Shen" in Chinese, are widely cultivated in northwestern China and frequently used in clinical practice for the treatment of Qi deficiency associated disorders [1] . Qi, a concept of traditional Chinese medicine, is specifically the physiological functions of viscera and bowels, channels and collaterals, such as the Qi of the heart. Previous chemical investigation on C. pilosula revealed the presence of phytosteroids, sesquiterpenes, triterpenes, alkaloids, alkyl alcohol glycosides, phenylpropanoid glycosides, polyacetylene glycosides, neolignan, and polysaccharides [2] , and previous pharmacological studies showed that C. pilosula possesses immunity regulatory, learning and memory improvement, and nitric oxide inhibitory activities [3] . To reveal the chemical profiling of "Dang Shen" produced in the northwest provinces of China, we embarked a phytochemical investigation on the title material, which led to the isolation of two new compounds, pilosuloside A (1) and pilosulain A (2), one new naturally occurring substance (3), and several known alkaloids and terpenoids. Furthermore, the regulatory activity of these isolates towards SIRT1 was carried out. In this paper, we describe their isolation, structural characterization, and biological assessment.
Compound 1 was obtained as a white solid. The molecular formula of 1 was determined to be C 14 H 26 O 7 based on analysis of its HRESIMS, 13 C NMR, and DEPT spectra, indicating two degrees of unsaturation. The 1 H and 13 C NMR spectra of 1 (Table 1) (Figure 2 ) of H-1/ C-1 (δ C 104.5) suggested the position of the side chain at glucose moiety. In addition, the HMBC correlations of H-2, H-6/C-1 indicated that an acetoxyl group was located at C-6′. Thus, the planar structure of 1 was assigned. As for the relative configuration of C-1′, the coupling constant of H-1′ (J = 7.8 Hz) clearly indicated its β-oritention [4, 5] . In this way, the structure of 1 was established and named as pilosuloside A.
Compound 2 had the molecular formula C 10 H 13 NO 4 by analysis of its HRESIMS, 13 C NMR, and DEPT spectra, having 5 degrees of unsaturation. Figure 3 ) of H-4/H-5, H-8/H-9, in conjunct with HMBC correlations (Figure 3 ) of H-4/C-2, C-5, C-7 ( C 166.9), H-2/C-3, C-6, C-7, and H-8/C-7 evidently suggested the existence of a pyridinecarboxylic acid ethyl ester. Besides, the 13 C NMR and DEPT spectra gave one oxygenated methylene and one oxygenated methine. The 1 H-1 H COSY spectrum ( Figure 3) showed correlations of H-1 (δ H 4.82)/Ha-2 (δ H 3.86), Hb-2 (δ H 3.71), indicating the presence of a 1,2-dihydroxyethyl moiety as shown. This moiety was attached to C-6 on the basis of HMBC correlations of H-1'/C-5, C-6 and H-2'/C-6. Thus far, the structure of 2 was deduced and named as pilosulain A. However, the absolute configuration at C-1' remain undetermined. Besides, it was noted that compound 2 bearing an ethyl group might be an artifact during extraction procedure. However, further efforts using LC-MS to check the fresh prepared sample under mild extraction conditions were not made due to the limitation of insufficient material. 13 C NMR and DEPT spectra demonstrated 8 signals ascribe to five oleafinic methine, and three oleafinic quaternary carbons. Detailed NMR interpretation indicated that NMR data of 3 are similar to those of quinazoline. The only difference between 3 and quinazoline was the presence of a hydroxyl group at C-6 of 3. This conclusion was supported by the observed HMBC correlations (Figure 3 ) of H-5/C-6, C-9 and H-7/C-6, C-5. Notably, compound 3 has been synthesized by Chilin [7] . However, it was isolated from natural source for the first time. Finally, the 13 C NMR data of 3 was also firstly assigned in the present study.
Twelve known compounds were identified as perlolyrin (4) [8, 9] , 3-(9H-β-carbolin-1-yl)acrylic acid methyl ester (5) [8, 9] [17] , and muurolane-10β,15-diol (15) [18] , respectively, by comparing their spectroscopic data with literature data.
Biological evaluation: SIRT1 is a nicotinamide adenosine dinucleotide (NAD)-dependent deacetylase that removes acetyl groups from proteins. SIRT1 regulates a variety of cellular functions including cellular stress responses and energy metabolism. Therefore, SIRT1 is implicated in multiple disorders such as diabetic cardiomyopathy, caner, ageing, and insulin resistance [19] [20] [21] . However, SIRT1 is also a double-edged sword exemplified by tumor, it functions as an oncogene as well as a tumor suppressor [22] . Considering the traditional medicinal uses of the roots of C. pilosula and the roels of SIRT1 activation in energy metabolism [23] , all the isolates were therefore examined for their regulatory activity on SIRT1. It was found that all the other compounds were inactive (data not shown) with exception of 4. Compound 4 could significantly activate SIRT1 in a concentrationdependent manner. To our surprise, compound 5 was not active towards SIRT1, indicating the side chain of such class of compounds had big influence on SIRT1 regulation. Based on these data, we preliminarily concluded that compounds 4 might be a hopeful structure template for SIRT1 activation and useful for SIRT1 associated diseases such as ageing. Meanwhile, the present findings might be helpful for gaining deep insight into the concept of Qi in traditional Chinese medicine exemplified by C. pilosula. 
Experimental
General: Optical rotations were recorded on a JASCO P-1020 digital polarimeter or a Bellingham+Stanley ADP 440 + digital polarimeter. UV spectra were obtained on a Shimadzu UV-2401PC spectrometer. NMR spectra were recorded on a Bruker Avance III 600 MHz spectrometer, with TMS as an internal standard. EIMS and HREIMS were collected on Autospec Premier P776 spectrometer. ESIMS and HRESIMS were measured on an API QSTAR Pulsar 1 spectrometer. C-18 silica gel (40- Supplementary data: 1D and 2D NMR spectra of the new compounds. Biological assay procedures.
